1. The activities of fl-galactosidase, fl-glucosidase, ,B-glucuronidase and N-acetyl, ,B-glucosaminidase were estimated in normal and pathological rat urine, with 4-methylumbelliferyl glycosides as substrates. 2. Kidney damage induced by injections of uranium nitrate, mercuric chloride, potassium dichromate or 4-nitrophenylarsonic acid causes a marked increase in the urinary excretion of all four enzymes. 3. The rise in fl-glucosidase activity was associated with the appearance of a new urinary enzyme species, which was examined by starch-gel electrophoresis, DEAE-cellulose chromatography and filtration on . This enzyme appears to be identical with its counterpart in the kidney, and it is suggested that it arises in the urine as a result of renal tubular breakdown. 5. The other glycosidases examined also show some physical similarities to the corresponding enzymes of the rat kidney. 
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In the preceding paper (Robinson, Price & Dance, 1967) Mead, Smith & Williams (1955) , and Furth & Robinson (1965) found similarities between rat-urine and rat-kidney fl-galactosidases. Some urinary enzymes have found diagnostic applications because of the variations in amount excreted under pathological conditions (Long, 1961;  Amador, Zimmerman & Wacker, 1963) . These variations may arise from serum enzymes by glomerular leakage (Wilding, 1965) or by cellular breakdown in the kidney (Rosalki & Wilkinson, 1959) , or other parts of the uro-genital tract. Urinary alkaline phosphatase is increased after experimental kidney damage by X-rays (Asscher & Anson, 1960) or uranium nitrate (Breedis, Flory & Furth, 1943) . In the latter case Alibert, Rigal, Bastide, Turchini & Dastugue (1963) showed that there was a concurrent decrease in the alkaline phosphatase (orthophosphoric monoester phosphohydrolase, EC 3.1.3.1) of the kidney.
In the present work, kidney damage in rats was induced by mercuric chloride, uranium nitrate and potassium dichromate, the histological effects of which have been described (Tapp, Carrol & Kovacs, 1965) , and by 4-nitrophenylarsonic acid, a substance used in poultry feeds as a growth promoter and therapeutic agent (Moody & Williams, 1964) . The nephrotoxicity of this substance in mammals has not been previously reported. We present evidence for the excretion of elevated amounts offl-galactosidase, ,B-glucosidase, fl-glucuronidase and N-acetylfl-glucosaminidase in the urine of rats as a consequence of kidney damage by the above agents. Enzyme activities are low in normal urine, but can be readily estimated fluorimetrically, and for fl-glucuronidase the urine can be diluted before assay sufficiently to eliminate the effect of naturally occurring inhibitors (Marsh, 1963) without need for dialysis. EXPERIMENTAL Material8. Glycosidase substrates and inhibitors were obtained as described in the preceding paper (Robinson et al. 1967 ). All salts used for buffer solutions and kidney poisons were A.R. grade (British Drug Houses Ltd., Poole, Dorset) and 4-nitrophenylarsonic acid was a gift from the Salsbury Laboratories, Charles City, Iowa, U.S.A.
Urine collection. Adult male Sprague-Dawley rats were maintained in metabolism cages over silicone-treated funnels. The 24hr. samples were collected in tubes maintained at 40 to minimize enzyme inactivation. Because bran is known to have high fl-galactosidase activity (Wohnlich, 1963) feeding was restricted to lhr. each day and care was taken to avoid contamination of the urine with food particles. There was no restriction on drinking water. Urine samples were filtered through Whatman no. 54 paper and made up to 50ml. with distilled water before assay.
Urine powder. Rat urine (1250ml.) was concentrated by dialysis under vacuum against 0-04M-sodium phosphate buffer, pH7.0 (Huehns & Shooter, 1961 ). The urine concentrate was then freeze-dried to a light-brown powder (2.7g.), which retained 78% of the P-galactosidase activity ofthe original urine and was a convenient enzyme source for further characterization. This powder is stable for many weeks at -100 but rapidly denatures at more elevated temperatures or in dilute solutions.
DEAE-celluldoe and Sephadex G-75 and G0200 columns. These were prepared and used as described in the preceding paper (Robinson et al. 1967 ).
Gel eketrophorehi. After quantitative assays had been performed the urine from experimental animals was concentrated 40-50-fold under vacuum and subjected to starch-gel electrophoresis. The conditions for electro. phoresis and the technique of identification of glycosidase bands are described in the preceding paper (Robinson et al. 1967 ).
Enzyme as8ay8. All glycosidases were estimated fluorimetrically as described in the preceding paper (Robinson et al. 1967) , with suitably diluted urine samples.
Km value8. These were calculated by the double-reciprocal plot method ofLineweaver & Burk (1934) .
pH optima. These were determined in sodium phosphatecitrate (MaIlvaine, 1921) and in 01X-acetate buffers.
Protein. This was measured by the extinction at 280m,u.
Chloride. This was assayed by the method of Sanderson (1952).
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Nephrotoxic agent8. All materials were injected as solutions in Iml. of sterile water adjusted to pH7.5 by the addition ofNaHCO3. 4-Nitrophenylarsonic acid (5mg.) and uranium nitrate (5mg.) were administered intraperitoneally, and mercuric chloride (1mg.) and potassium dichromate (5mg.) weregiven subcutaneously to rats of 150-200g. body weight. RESULTS
Properties of glycosidaes8
pH optima and effects of buffer8. Fig. 1 shows that N-acetyl-,-glucosaminidase and P-glucosidase are not greatly affected by the buffer system used and have pH optima about 5 0-5-5, but ,-glucuronidase is less active in phosphate-citrate buffer than in acetate, and the pH optimtum shifts from 4-5 in acetate to 5*5 in phosphate-citrate. This inhibition and apparent change in optimum pH has been described byMills, Paul& Smith (1953) for ox spleen and by Woollen & Walker (1965) for human-plasma fi-glucuronidase.
In acetate buffer, ,-galactosidase shows two optima at pH 5B0 and at 3B5, whereas in phosphate- Table 1 . Esimation of l-glucuronidase, N-acetyl-fi-ghlcosaminidase, P-galactosidase and -glUC08odae n freshly voided nomal rat urine and in freeze-dried non-diffu8ible mteri 103±0-66 (20) 4*09+2'90 (18) citrate buffer a single optimum pH of 4-0 is obtained. Normal urine activities. Average values for the daily excretion of the four ,-glycosidases are shown in Table 1 along with the activities found in urine powder. fl-Glucosidase only occurs in trace amounts in urine in comparison with the other three enzymes, having less than one-hundredth of the activity of fi-galactosidase. In the urine powder the relative activity of fi-glucosidase to ,B-galactosidase is increased fivefold, and since the recovery of the latter was 78% during the process of concentration and freeze-drying it may be that the elevated activities of ,-glucosidase represent an activation or the removal of an inhibitor. DEAE-cellulose chromatography. Urine powder was fractionated on a DEAE-cellulose column with a chloride gradient elution (Fig. 2) . Each enzyme appears to contain at least two components. In each case a major component is not retained by the column under these conditions. Similar results have been described for ,B-galactosidase by Furth & Robinson (1965) . The individual peaks were concentrated and rechromatographed on fresh columns to ensure that they did not arise from overloading or as artifacts produced during the chromatographic run. Recoveries of 50-70% of the applied enzyme activity were obtained.
Gelfiltration. A separation ofthe fi-glucuronidase, N-acetyl-,-glucosaini dase and ,B-galactosidase activities of rat-urine powder was obtained on a Sephadex G-200 column (Fig. 3) , but the fl-glucosidase activity could not be separated from the N-acetyl-.-glucosaminidase and ,-galactosidase fractions. Estimates of molecular weights obtained by separation on a column that had been calibrated with proteins of known molecular weights as described by Andrews (1965) were: P-glucuronidase 200000-210000; N-acetyl-p-glucosaminidase, 130000-140000; ,-galactosidase, 80000.
Gel electrophores8i. The ,-glucosidase activity was too weak to be detectable on the gels by the methods employed. Of the other three enzymes ,-glucuronidase and N-acetyl-.f-glucosaminidase were negatively charged at pH7 0 and gave diffuse bands near the origin whereas the ,-galactosidase 
Effect.s of kidney damage
There was a marked rise in the urinary excretion of all four enzymes after injections of uranium nitrate, mercuric chloride, potassium dichromate or 4-nitrophenylarsonic acid. The changes in enzyme activities during one such experiment are shown in Fig, 4 , and typical experimnents with each of the four compounds are compared in Table 2 . All the substances produced similar transient increases, reaching a peak on the first or second day after injection. In each case the urine volumes increased and proteinuria was detected, but in non-fatal experiments the enzyme activities subsequently returned to near-normal values. A notable feature is the relative increase in fl-glucosidase, which rises from barely detectable levels in the normal animal to substantial values after kidney damage. The rise in fl-glucuronidase was occasionally delayed by up to 24hr. in comparison with the peak excretion of the other enzymes. The rats were killed on the eighth day and the kidneys were found to be greatly enlarged and discoloured.
Gel electrophore8i8. A comparison of the gelelectrophoresis pattems of the enzymes from normal and pathological urines showed that the increase in activity of ,-glucosidase is due to the appearance of a new species, which is characterized by its rapid anodic mobility and by the fact that it appears to carry both fl-glucosidase and fi-galactosidase activity (Fig. 5) . Development of the band on the gel was completely inhibited by incorporating glucono-(l -*5)-lactone or galactono-(l -*4)-lactone into the substrate solutions used irrespective of whether ,-glucosidase or ,-galactosidase was being examined. Its electrophoretic mobility was identical with that of the ,-glucosidase enzyme of the kidney, reported in the preceding paper (Robinson et al. 1967) . Apart from an increase in intensity of the bands due to the higher enzyme activities no marked differences were observed in the electrophoretic behaviour of the other enzymes examined in the pathological specimens when compared with normal samples.
Gel filtration. When a sample of abnormal urine was filtered through a Sephadex G-75 column (Fig.  6 ) the fi-glucosidase activity could be clearly . The column (30cm. x 3 cm.) was prepared in 001 m-sodium phosphate buffer, pH7*6, containing 0 4M-NaCl and O0 lm-EDTA. The sample (15mg.) was dissolved in 2ml. and run in the same buffer at 4°at a flow rate of 12ml./hr. Samples of the 3ml. fractions collected were suitably diluted and assayed as described in the text. The void volume (57ml.) was determined by using Blue Dextran 2000 and the internal volume (lllml.) by using sucrose. Assays were carried out in citrate-phosphate buffer (solid symbols) or in acetate buffer (open symbols). *, ,B-Glucosidase; *, ,-galactosidase; A, N-acetyl-.f-glucosaminidase; V, fi-glucuronidase. Table 2 , and symbols for f-glycosidases are as given in Fig. 3 . The broken line indicates the volume of the 24hr. urine samples. separated from the bulk of the fl-galactosidase activity. The eluate samples containing the peaks of activity were concentrated and subjected to starch-gel electrophoresis, when it was found that the ,-glucosidase peak contained all the fast-moving fi-galactosidase activity (cf. Fraction no. (3 ml. samples) Fig. 6 . Separation on Sephadex G-75 of ,B-galactosidase and ,B-glucosidase in rat urine collected 48hr. after injection of 5mg. of 4-nitrophenylarsonic acid. Details of column procedure (Vo 51 ml., Vi 75ml.) and assays are as described for Fig. 3 . *, /3-Glucosidase; *, ,-galactosidase.
with that normally found in the kidney was achieved by a stepwise-elution experiment on DEAEcellulose. Whereas in normal urine the only detectable ,B-glucosidase is that which is not retained by the column, the bulk of the activity appearing after injection of 4-nitrophenylarsonic acid consisted of a component that was firmly bound to the ion-exchanger and required 0-15M-chloride for its displacement.
in bladder-cancer (Boyland, Wallace & Williams, 1955) (Tapp, et al. 1965) . There is thus strong circumstantial evidence for the elevated activities of ,B-glucosidase and P-galactosidase being an indicator of tubular breakdown.
It is noteworthy that in their examination of the alkaline phosphatase of human urine Butterworth, Moss, Pitkanen & Pringle (1965) found a lowmolecular-weight component, which bore a close similarity to that present in the cells excreted after exfoliation by aspirin. They were, however, unable to show such a component in kidney extracts and considered it might be a minor contribution to the total kidney alkaline-phosphatase activity. In the present case, however, a component closely resembling the abnormal urinary ,B-glucosidase is found in crude kidney extracts. It has a similar optimum pH, the same low molecular weight, identical behaviour on DEAE-cellulose chromatography and starch-gel electrophoresis and is active towards both ,-glucosides and ,-galactosides. This kidney enzyme accounts for all the ,-glucosidase and 15-20% of the fl-galactosidase of that organ.
